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U ' ip i - I I 



7:ii^ 8 a] uf) 

13:«1€3 14,64: S^flE^ 

15: SLtfSLTL^ 16:* 1*1 t 1 

18:^l27fl^- 19:^l37fl-?- 

103:H^lt!^^- 

l=Bfl3 H-^Ht-fl'^CTN)'^ eB=§^-5}aAl^]oii 5^ oj^o. TFT7] ^3if ^^Bl(CF)7l^-?Vo11 Aj-og^ 
4. ZLE^ft ^^^^1^]^ ^a^ a.^-BflH^^^ Aj-s-o} ^^^^ pf £ £ CF^I^av^ 
7«1^4. CF7}#^ TFT7l^£] JUS] ^ , cfl^.g- .g.^. -A^ ^AJSj 

S*|* fl«fl 7fl^al* f^A]^ 7}^1-^51 §}4SAi, «jas«1M ^110-3516375:( 

oM, 1 TFT(^^E^7> 7«1^ TFT7l*)A 0 VoH ^lS-sRr 7^^}Jl 5tf4 

^ *>-§-Sl*r TFT7l^5l ^£tS^, °1 TFT* *OjLSHr EAj^K}, s_ 1 2 » #i£*H CF 

7} TFT3 -ti^W. 

ofl^iofl s)«g sfl^o) <§a^ TFT(160)7> ^S^UKSIMMI S^S, TFT(160)* 3.^ 
3 sflAlallolA|^-(58)<Hi S^^14. 3flAln)lo]/£^(58)^- ^s)^ ofl^cfl, #e|-SP>CVD# a> 

^sl^^^lr* ^at*js.a*| ^€4(5. la). ~ 

*(51)4M1 ±^.3.^^. ^^.S] jq^^ir 5)1a1^H^ ^^]7\ °} 1.2/an7> sqjE-S- S^t} ZL 
^, 31*1:^7} a ^AJ^ 7l^r(51)^r IE] ufl o] sg ofl ^ 80 t:£] £:E3. 2^-^<?> 3 <fi 7l -tf ofl ^ 7} 

l5]al ii^fS ^, TMAHCtetramethvlammonium hvdroxide)-g-^^-S. ^Aj-s]^ 7l^(5l)AT-^ ^-^^ ^-^-ofl 

t 2^^^Ei(63)7> ^^^4 o] ^A»^EKl63)t Al)37fl7> ^Aj^ ^Al^OlA£^(58)5] ^ 

^(62)^1^ aj^^El7> ^A^^xj ^.cs. ^aj^4_ ^ 7l^-(51)€r ^^«Ei(i63)l- ^sNW ^sfl 
#flJ2.^-<HlAi 220°CS] 60^-*<y- ^^^4. 

^ ^, ^^^B^7j- ^Ajsj^cl ^0.5). aj-Al^ ^^^BK263)7> ^xn^E^ tq-s- Afl^Eil- 

^aj^^ ^aj^^ ^ifl^^(263)l- ^71 ^sfH 7l^-(51)^: ^.^-^a^ 220°C^ ^rJES 

60^<?}- ^^^Bi(363) S£«- ^^^E^7> ^sqc^ ^^.^ ^oj^J. ^ofl 4^ $ Aj ^ 

4. 

^■ni , ^Ajol ^ ; l r ?fl D llie^> : ( 6 4)7} ^^^^(S. lc). «aj^S^i(64)fe «>>3 

l^^H t£±x) o>s.lr ^-A]-§>^ o}^-c>|^l ^^€4. i?icl, «t 20cpSl ^JE# 7>^1 ^S7} -^ 

^1^7M(51)A 0 H1 SV^^7> 4$ l.5w?\ ^<H1, ol ^fls.^ ^Aj-^-4. o] ^Jf §?fl 

"i^i^ ^**o] q-^^ ^-t^hia^ ^a^ 7i^(5i)^ <a^--Hi ^^£]a] e^c)-. 

-2-BlS^(65)£r 71^(51)51 a^l- ^^^©> £ S. S^SlJl a. Afl 17)1 ^-(66)1- 7>x]£^ ^a o v^ 

4. °1 7l^(51)^r 220"C vflA] 2301CS1 ^r£^ 60^-^°J: -^fl^, ^.^SH#(65)^r ^SF^4 ^-f 

i^aSt^ tfOol^Hl ^sfl ^-§-E]<H, e 7>xl^ o]-^^ ^-^ 55 _b|.o J# 7 ^ l7l , 2a ). ' 

Jl ^f, iiS-SMliSeflxl^E ( 6 7)7l- 3.^ ^ so^^^c^ a ^ ^ l27fl ^. (6g) s. 7^4. a. ^ EflAlaH 
°l^s]-(58)^- ii«-^^^-^-Ag 5llxl > : E( 6 7 ) s n } ias A>-g-^ <HHisl^, sflAlsfl olAiEi-csg)^^ ^] 37 fl 
7(69)3- *^^?VrHi 2b). ~ 

^.wl3S#(65) 11 ^l37fl7(69)S) ^a^o) ^ icl-8J-74)SSfi(|^^m(67)^ ^|7]S)al S|-i;^^iL 

A}nVO. ^^^^^ ^^=.(70)^. ^AJ- & 4( £ 2c) _ 0 ] ^o._ e^c^^-o-i c^^i ^AJj]^ 

^^^-(70)^ ^-A|e}7fl ^ aa=H ( ^^^-(70)4 HB^Ja]^(57)^ <j>^^' 

<J1 ^71^ ^ SJcf. aHii-l-, IT0( indi um-t in- 0 xi de ) ^ ?1 3)-^^ -g-°l^-i- Jl^«> 

^, ITOCindium-tin-oxide)^* ^ lOOnmS] ^^S. f'^fe ^«>1 «>^-^§>c)-. 
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*1 Jfl^^ja 341 -J JflAlUflol^EJ- tflofl yfi^-l- ^A^cS. j^v^o^ = 

£ Tlln 1 * 3<*r€ 4 SSl^. °1 ^I27fl^(68)^ *)ll7fl^(66Hl tflsfl ijanfij ^ 1 «1 -§- J2.4* 7} 

a ^i7fl^-(66)l- i44S4 ^31^4. aaW, -«^|5] $£-<a4H 5*^, ^l27fl^(68)fe 

*fl2-g-^ 4"£H1 °>7l^ ^4-°-S <?l3fl .*f|l7fl4(66)21 3*14?fl °1 £4°- ^4 

Tfl^^efl^liHSl *fl27H4(68)21 ^a£°l efl^^HS)- s4M«flolAa442| 7fl4ofl 5.1^2^2) 
^ll7fl^-(66)» 4&h 7l^-(51)S] 712] 4^3)o] 44°_3. *1 44. ZLEiSS. »1 4#<HH 3fl 

Altiflo]Aj^-^ ^137])^^ ^•^ = S.i£t- < a^r 7)^(51)2] S^<>)1 712} =fz)«>^, *l|37f|4(69)# 44 
=.«] ^-ig SS .4ojol a)^^ 4JI, 71147} 4^^ H^SlSl^MI 4°>;§4 ^4 AjAJs]^ 



¥ Zr^-Br ^DflH^^7)^r, ^Afls>7flfe AB^^s ^y]^ TFT7l#2l ±±/ Hiif|<?1444 <*| 

7H ^£ Jfcfc^tfS] 4 =8^711 ^# 4 5^ ^li^^^r *WKr Ell sa^-. 

£ ^T§6\] ^AJ^ ^^-nl)EBJ^ 7l ^.S) ^12;^^- 44 ^-741*3. <g«B^ 4 4 44Si{fl 

*1^£|4 «BAiol e.Tg^^^AV^ ^AJ S ] 31) al-^VE^xl^^l. Sfe ^.^^-21- Bfl4°l ^^0171^:^^ 
^« ^, ^1^«51 <a-¥"«- t#Al ? 1^ ^I7fl^-1- 7Mir *i\l#^o} ^.i^ofl 1g AJ 3 

4. O. ^24^°! 7fll7fl^ gl^-ofl ^lSt ^1271)^1- 7>4 ^71 ^l^BJ-^ofl ^Aj5 )o1> ^J^o} 

<a^-7> ic#S)jL ^137)1^7> ^71 ^£4. °1 , ^I37ll^^, ^12^-^-4* "}i3£ A}-g-C*| 

Sfl^l^l: ic^l^l £.-§=■ jai^S] ^71 <34» ^T^O.^.*) ^|37H^*| 7>^>8]7> ^l7fl^51 vflS?0.3.Jf 

3 *elsl£^- *f|24#43 ^*H2}. ^<S4 7}e]s *I|14#4^ ±c44£^- ^tf*^* 

^AJ^cj. ^ £ ^rtol ^37fl^-l- *«fl HflAHsi). ^jqj^S. 1% ^ S\ jj. 

p W^S Sfl€°l S^Sl<H ^71 Ol-f-cH^l Aj-^BflA]^. ^AJ^ 

A o v #?t «>5]- ^-°1, >ll27ll^7> ^2^-^-4 0 fl -Eflol^^l ^HS.3h<a-ir 7>xl^ ^Jfofl %o]X] 

Afl37fl^- att aJL^ofl ^^51^ tfo]&\%\ ^^HS.4 < a-fr 7}1 ^ SJc^, ^13711^-lr #sfl ^ S ^^Sjfe 

£ 3-1: «-i*>^, 7llolE^^. (10 2)^ ^- t g : S^7l^:(l)A 0 Vo 1 i *§^5\jl Tflo] e ^^^(3)0) ^a^^^ 

7l3S-(l)A 0 V°l TflOlE^^ g^Cf. 7llOlE^^HT-(3 ) A o V o11 *)] ^ ( 4 ) 7\) C,^) ^ =. ( 102 ) efl D >^§>711 ^ 

-$S)aL. «r£*ll*(4)^ ^-y-^-^l Ai S ^<^^ ^711 ^Aj^ JE5fl?l^^-(106) ^ iiS^(I)^ 

#(5)* 7fl7H-&H «flr£Sfl#(4)o|| ^^€4. ol ^-f, -S-^^*l-(5)^ gj Hell (7 ^ 106) 

^^1 ^-^^ ^^14^7 ^171*vo. s m, ^£*)1^(4)4 ^ a ^ JEefl^^^-l-C? ^ 106)?i-Hm S 

sflAlB|lol^4( 8 ) 0 l 7m(l)^oflA^ ^^^H TFT 21 Sfl^^-^ ^ 

elJL ZL ^°11 ^I137B^(19)1; 7}^ 4:^^^(7)4 ^^^"(20)* ^S. ^^aI^S^. ^^4 

^I37fl^-(19)4 in]2Bt£] ^17B^-(16)?>S1 ^^l^^lir ^Hs^ a 7>xl£S. ^ 37 fl^(l9) 

* ^ A J*>^ ^ + ^£-4711 S. 30]] £Al^ 44 ifl-ol, ^13711 ^-(19) 71- J^Ul2H*(15)21 ^ll7fl 

^?(16)^Bi 2^m^S. m^^A-l ^^14^ ^ 4^-21 ^aj-oI ^ 5J4. ^, *1l27fl^ir 

^^^-^■^211^^^(17)^ ^.^SH^(15)21 7fll7ll^(16)21 ^^HS.4oj2l °§i&o_3, cQsfl 4^1^a o v^ 
^iSsHH- ^^^4(-£ 25^^-1 £A14 Afl27ll^(68)^-2:). 44*} 

^^rn#%^n*]^(17)$ m7^?«l ^^HS.4°J^: 5ll^iS4 ^7,1^0)^4(8)^^ 7) 
7^21 4^ 5]^, ^I37fl^(19)fr ^ols)^] ^^5.4^^- 7 }xl^ ^-711 ^^^01^4(8)0^ ^AJ 

^37fl^-(19)« ^1214 4 44:21 i£Al<§*M) ^^l^om4(8)^oflfe R, G ^ B^21 <>|^ 44 

SI 4Bfifl^ ^«B1(13)7} ^*J^4. 711471-, §^pflHSJ^(14)fe TFT1- ltS}ol 7flolJE4<a^ cfl 

-S-*>^ ^*l^c.l^4(8)21 aj.^ ^aje,^ > iB] 2 Ei( 15) » 3flAHlol442) ^37ll^-(19)l- ^21 

£ 4^ ^^DflS«li7l^-2l ^^J£o]4. 711 4 oi(202)^ 7fl ol e 44(302)3.^- Bl £433! oflH^ 
afl^sj 4j~s -3 ^q.^ TFT(10)21 tHoIh^^-^I ^4^. Hefl <?1 44( 107) 

3.«-3 ^j 7 ) XFT 0 !! aJ^s-^- ^^-4^ H5ll<y4£(206)°l 4^^. ^a^ (44) o1 ^^^e ^^7)^4 4^. 

^^^7.7^0,] 4^471) Bfl^l^ ^7)% A}o]S\ ^ S) ^ 4 44:^^4 cfl °fl 

^ A J* ^f-^^-'S- Al-Ol^ ^^7flSS.A^ °SAj (44) ^ 7fl7ll4<H 4^7fl3fi7.lEK45)t ^44. 

£ 6 ^fl^l 8^ ■& 4^21 ^Di^T-Hofl 44 ^-a^ € ^ 2 ^t|. a.^^4. 

£ 6a<Hl £Al^ 44 40) ( -f-^^<g7l^:(l)A 0 i-<H] 7141 B ^- ( 102 ) , 7141 je ^ <S4(3) ShE*ll*(4) 4^ 
4*(5), HSH°J^^-(106), ±i.j^ (7) ^ 3fl Al i3i4i44(8)ol ^Aj^q. 

a. 3s £ 6b°fl £A]g 44 4o] > 4^^] <y. a s. ^.aj-ai^ ■goixiiL 4&e)« A J-^°fl 44 4 5ife 5.S 
ff-eil- 4314^1^ 4^5)1^1 4: JESAi AV-l-slal, °1 42H41^H^ 71^-Aj-ofl 4 l.2^m2| 44^15. i 
^3.^^4. Helaflol^^rTilSA-l 71^-i: 80°C2) 2^-4 < ?> 7><g4 ^ 5141^^^ ii^^ji 4 

45l^A o i-ofl( TMAH) o. s _ ^Aj-^q o1 ^ _o ) £ 6bo)1 £A] ^ 44 «-e}2ll^^Hfe 44 ^tIHIa-i 

*H37l)47]- ^>gsl^ ifl*lafl°1^4(8)2) 4^(12)4^1 ^^3^1 ^4. 

^e^^ 4&}efl^l^^l- 7>^! 71^-4 220°C2} ^£5. ^1 4 7><g^ _$,,a-°fl ^)a1s1<>i 445141^^-1- 7g 
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3|«-th 44tt ftTfll* *3M, 3^4(113)7} *§^3g4. 4 4 A HM14, l^H^^fe *M^4 

7} ^^51^1 ^s?4 ? > s> ae^HS. 3*3*451 4a111-£- ^a^^x] &far}-. :z o] tj-g-sj. 

S ^xfi^S. ^.^^t. ^jq. jg.oj-g. -o) 4444 3}iB:gE-](113) 

5] ^4°11 4^4(113)7} 44* A <M1 443t1) 1^5)<H a ^45} ^1)1-^: 

*WRr 4"f4 44 *fl-g-44. 

4^4(213X51 6c)$r ^«4(313)C£ 7a)7> ^7] x^^l 3*11 A}-g-£ «j- 

aio_ s igA^si ^ l-^DflH^i(i4)7l- H^xl:fi33 S[±i|£] xH13<^4 ^ tq-g. ^^i 

tAS^-El 4^1t!:4(5i 7b). l-^"l]E^ : A i(1 4 ) ^ o> 3 ^^x]<H] ^-^uf o}£f ^-4^0.5.*) <go)xl 
^xI^^-^^eej^^a-I A}-£-Sli}. o] Aj Aloflo]lA ^ 01= 20cp5l 7}4 Afls.7} 7l^cfl 3= 1.5/an3 

4h^1S. ^344 ^I37fl^7> ^1*114443 4^ 4°fl l"«WH^;S:(14)7r ^Aj^xj 

4.v:-4 594^44. 

4f^l S^^fe ^I37fl^- ^43 ^44 jqjp-s. ic#5j*r ^4*11444(8)3 a ^x^l- SL 
^35.^(15)4 71^1-^x^1 t).g. ) SflAlmiol^si.^ 4^0,] ^a^s)^ *ll37l]^-t- ii#Al ? ]^A-l ^ 

^S^(15)°n *Hl7fl7-(16)l ^44514 s^HH^^r «4"44. S4447} sHAlano)A£n> (8)<H ] s|sfl 
4 j£43:=*3 aflAluHol^EV^ ^tg. ^aj-Bf-g. ^ 7}A ^ ]3L> xj ^tg^s. A}Jg-?;}<*\ o] ^x^e|^ s^flxl 

icl-47fl4#^ 314^2(17)7} 7l^6fl 1-5 tflx] 4.0^ Ej-f-^-i- 7>XliS. j7 jsfllg*- 7 | 

x]£S. ^a o 1- 5 ]j 1j q-o>7>, 44»11444(8)^: lc«-^S-*^a(^|>;H(17)# 4i3S 4-&-44 oflig^ 
4(5L 8a). 4 ^-f, ^l-^^^SlI 4 ^2(17)3 ^l27fl^(18)Sl- .2.«l3JE^(15)3 *1] l7fl^?J;<>] 33 
«"7fl^, i^l-^^^^^Al^Edy)^ Eflolsjx] ^TL^-n^ 7]-x] ^12711^(18)1- *§^§Hr 4+°!]^ 
^.2- §11 44. 

£ 8a°11 5L44 43 ^ol, ^I27fl^-(18)^ 34^ ii*^^^ b)H^i= (17)3 4 = ^13 7-1 
51, a ^.Bl SS ^(i5)^ *ll 171^(16)3.^4 'L'4^- ^^t^ oj<^o> *>3(il47}14^-45ll4^J=(17)7} 

1.5;Ml3 4^5. ;3.43£r ^4-°fl^, ^Il27l]^(l 8 )7> ^ll7H-?-( 16)3tr 4^44 ^l£l£S. 

^I27fl ^-(18) 51- Afll7H^(16)?l-5l 2.0^)71- 51S.S. A|^^ 1 q. )i -^^x] rf-a-si hV^^xI ^. 

tt «^8-«>l ^, il-^^l^^eflxliHd?)^ ^112711^(18)^ ^.w1SJE^(i5)^ 

1711 ^-(16) 51 cf^SS.2FH5l ol-xl^Aj-cq ^ SS _2(.<y^- 71-xls.s. ^Ajs)^ ^^.a- 

^m^- A j5fl^liH(17)5l ^I27fl^-(18)51 ^-^SS-iil-^^:, eflxl^HS}- =11 A H1°1 (8)^51 ^^l^A-1 xfll 
7fl^» ^ 7)$-°]} 7^5] ^a)«>7ll ^ ^4, Jfl^Hl^l^si-ds)^ ^aj^ ^I37fl^(19)51 ElHslxl 

7114-7}, 5llxl^E7> M A o V € ^°fl^, i#^741##^ellx];iB (17) 5) -g-nfls. ^«T-Al ? l7l ^ «fl 2(TC ^xl 

120°C51 3 *fl*l lO^-^S-'y- iiH«H°l^cl *Ssfl^ 0 > ^4. 44^. ^l27fl^-7> iil-4^1 ^-^-aj «114 

iS( 17) °11 7.-1 ^^4<H 5iixi^H4 an a! bU4^4(8)^>4 ^TiHlAi tfloiuixi ^^^o^ ^Tfl si 

4, ^2lHS 5|HmHAi4-(8)0l "HH 1 51 ■>) All 37fl ^-(19) Ifl ofl Eflolslxl 7>xl7fl £4 Aj-^ 

ft 451- ^-<sl ^£ a11371)^-(19)^ 5l-^^^-(20)4 i^^i^-(7)451 ^^7-1^ ^Tfl -frxls>o3 jrf-^ 

A o v #flr 451- £4 , £ iJ-^ofl 44 ^^nflE^^ 7 )^ xii 2 §>^. Bj-^o] ^iiotEfl^ ^.siaHf' 

51 ^^^ofl 5fl4 a H4^4 0 ll ^TggRr 47lHl7.-l,^xi7ni-^T J iiH^^ S4eflxi^^ ^ ^.His 

A>^-£]o1 TFT 7l«, # ^^flE S 3> : .7 1 ^.AJ.o 1 l Xfl^Ell- ^^§>^ ill-^Tfl^^-AJ^xl^E 
1r ^3Efofl -^aj^ c>xl^A o i-^ ^^H^OJA 7|x1 Afll7ll^-51 <g^=^ «>xl 0>j7 1\}0}3\Q 

a. ig-^oil 44 -4 A J4 ^DflE^^]^.^) xHang-ig^- l-^T-iiH4i:4 S45fl4±:Sl- a^-44 

^^nflEsJ^.71^-51 x|l3iollS. 5L2l-^ololAl _ TFT7l*A o i.oil -H-7l4^S. 4^-4^1 _2.»l^H#-i- ^^^-^.S. 

•«1 -7-^44^ ?V 4«-o 1 ] £ 34.3 ^ 5iv. " " 

^l-a^HHl 44 4 A J4 H o v ^^- 42fl°114 i-4 -^^ii^Til ^^f[-4. £ 6 tfl*l 8^r £ 5a4 4^1 a-A'» 
44 ^44 ^^-^H4^44-5l 44£l-# ^^^-7111-51 ^Aicfls. ja.4^4. 

-f^, Afl^^^T^ TFT ( 110 )7]. ^^^^^^-fDAj-cHl ^AJ^j,, 3flAlU|10lAiR(-(8)Ol 4^(i)si xufls4<Hl 

All ^<H1^^TFT( 110)1- ^Tg^x^. sflAH^lftHl-CS)^ 1-4^4CVD°11 51*11 ^a^^ -ael^.^ 

^-4°-51 ^ SJ4(£ 6a). " " " ^ 

4#AS, o> a ^^xHi ^^4S1 *7l>ai^^^^ <goixl -g-^^^^J^e}-eilxi^E 7 i- ^^^^4^- 
^■Hl i^s^^nl-. ^3i)u-15| 5)xj^ £ ^ ellxl^Ecq H]-^^il7l- 4 l.2^ra7> ^^^r} a 3] 

*1^H7} ^a^^ 7]^.^. ^efloijeAj-oHAi seHHsgTa-TjiofH 80°C5l £^3. 2*^4 7><gkl^ 
JL, 447} 44^51 Jf-s-ofl ^^^EK113)» ^^§>J£^ TMAH^-^detramethvlammonium 

hydroxide) « A J-44. 4 ^-f, ^^«4(113)^ 4^°11 ^137117-7} =H4wll 0 l 414(8)51 <g^- 

^-(12) -S-oflfe- ^ A J514 ^4. a ^, 4^ #^^.s.oflx-l 220°C5) 60^4 7-^14 

4^^4(113)1 4sFft4(£ 6b). 

n 5-, 4-*3« 4(213)T7 4*^«47> S4j^ 3}i5l- 4S- ^ollAl ^AHog^7]. ^Aj^^jcl js.^ 

l 8-4-5-S. ^7j^^_ 7)^.0. ^.xb^ e1( 2 13)1 . <g 7l ^^^^.^x^ 220°C51 ^£5. 60^-^4 7-444(S 
6c). ^-^^Bl(3l3)£ ^^^e^7> ^535*4 ^4 ¥4?t ^4-5-^ ^ A J44. 

4#AS., ^Hi-^Eiioi ^ajsi iaiT 3 iiE^ : A 1 ( 1 4 ) 7]. t^s},} l?»T I iiE^i : (i4)^ 01-21^4011 4 
4i4 45-! *444 <: >l^-44 ^r4s S444. 4 44°il°fl4, 4 20c P 5l 7>xi xfls.^ 

471^^ ot 1.5^0} HV^^]7l-. 4£4 ^^3.^4 ^ 2. Afls.^ ^^44 4 ^-f isHH^t 

4^51 471H14 ^I37fl7-7l- ^7g^ 71^^-oflfc ^^5lxl ^t|-(3£ 7b). 

/iylaHf'(l5)4 3.4331 sB4«H 0 144 0 fl ^ A J44 -?!?!: ^1 ^ll4s>£^- ^aj-^^ 
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^117l)^(16)7> ^Aj-gcj. ^.^SB*(15)* 7§&is}7] 220"C£) ^£5. 60^°J T®^. 

Utttf ^°>°ll^r, ^^ofl QZh ^^^71- *}>°_E-£., ^<$\*\ P H7> ^ 

^s|- < a o l ^l-^^cf. « A <M- si-71 #sfl, ^.tf)SH#^r 120r vfl^l 160°C£1 3^<?> 

^27fl^# 7>xl7fl «>14. 

a ^^^^^^^±^(17)7} 1.5 M)*] 4.0^mSl ^*I15. S^SIjI iflE^ S]<H ^127)1 ^» 7l-xl 

^. °1 ^-f , ill"^^^^S)lxl^E (17)7 ]. l. 5/an £] EV^^lS. S^Slfe Tg^l^r, *H I7fl ^-(16)5)- ^I27fl 

-¥-(18)7>S] £b3°l 2.0/onS. -M^l si <H ^27fl^-(l8)7> *lll7l)^-(l6)£Hr- SHJ5q7)l ^SUE-s- ^ n).^ 
A 1 , *Ul 7fl^ (16) SI- ^I27fl^(l8) 3.^7} -g^Ja 3flB}<Hl ni-el-A-1 ^^s|^, a* a>c>151 3.2^ ^ 
°J 2.0^m7> JgT}. 

^. ^HH^W^- iil-^^^-^ellxl^H(17)l- n}i 3 i 7.>-g-s>o^ °mi?lrK-£ 8a). °1 ^ 
4-, ^^r7\]^->§n*\^±r eflxl^E51 ^a q > ^ ii#«-^^-^5llxl^iE£l -§-*Hl- ^^Al?!^ 120 
"Colsi-oi i^S.Hll°Ri5l<>|o) tb^. 

iiHHllol? 0 iol £JE°IH °1 ^ , icl-^Tll^Aj Eflxl^jEfc. -g-§-£]7l A]3i-s]-o^ 

3.H#51 o>^l^c].^s S .3i)-^3 ! ). *>t)1 <g^a]°l ^a}a Tg-^n^Trl-^^- 7 ]_ x ] ^ ^4. n^A] 

id-^-7^R 1 -^-^eflxl> 1 iE( 17 )^ ^12 7fl ^-(18)71- 7l^»ll 7-151 ^xio] cj-^HS.^'a-i: 7}xl7l nfl^-oil j^a] 
^H^hHSHI ^I37fl^-(19) at!: 71^21- 715} ^ # 7}x1t11 ^rf. All 37)1-?- (19) 

7> 3.e^tb ^H^IK: 7}^l£s. ^^§s\^ ^-f , ^^^-o) *H37fl^-(l9)# 7fl g^s. ^ 3 

■HI S^sM, SH^^S) ^7}^. 

^^)^^^}^)±ma7)^ ^, n±#^°s. ^-§-5171 ^^^0] f^iit 

^JE^HS.* ^Je1e^*i-^.^«1 ial2Et(15)3l ^AlullolA^BV( 8) ^ ^I37fl^-(19)1- 
€ ^, ^ £^7115.71- JflEl^^^. o] ^ Jj^ g fe ^^^-£1 i^i-£l '3-'3H3.3|- < y°11 c-ls}<^ ^ 

^^^(7)2]- Sl-ihx}^-^ <y-^^ H^-^ofl lal^lsDA^ ^ JlxlnV, E^-^fe- ^f-'gSxlBi-oi 

ITOdndium-Tin-Oxide)^ 1 "^ ^e|$l -§-0^^ jr^sflA] $1 loOnmS. -id^Rr ^°1 H>«-aiS>q-. a ^ 
ITO^ jflB^sl^ st-ixi^-oi ^aj^4 ( c gb) 

A 0 v #«r cl 7H^Hll- 7>xl^ ^'gaAlxi-^ol ^I2f 7>^§>7)| S>o^, f=2fl « Q V^ <H| s] sfl afl^ 

XJ-X1S1- HljaSflA-l Ol ^ 7 > d ^AJ-^. JTAlSjAj O.^ SAlS>7ll . 

^ll-a A l^l^ T^hg-^ ^^.ft ol^-i: 7}x]t}. ^, 41-4;^^-^ i^^^-(7)?>£l aflA] Hflol^Hi-^ ^ 37) ]^=. 

^71^^01 J7AlS]A^O_ S ^ol^ ^ Oj^ j ^^aAlXV^jO] ^3). Al^A^ - ^ 

i4. °1 »]^^r, ic§^iS(|^l^H(17)^ ^Il27ll^-(18)1- Al-g-sl-^ SflAimiolA^sT-CS)!- eflJS«l-<H 
^AiBfloi^^cs)^ ^I37fl?-(19)« «ofl, 5.BlaS^(15)Sl ^ll7fl^(16)Sl o>xl^^-^H5.3|- o a 
oil <g%l^. ^l-^-^leflAl^HCn)^ ^I27fl^-(18)S1 ^-^SS.3j|- 0 Jl: ^H*>o.S 
*1 ~ Sit)-. ^ 

£ 8al- ^-a«>^ ^- ^£1 ^112^a1^s. A|xgsi. I q._ 

°1 -a^-Hl^-, *U-tH°lN 7->-g-^ ^-Tll^^E^ £ 8a°ll £.91 ^"fl-H SiB«H°l^!4 ^lSlfl 

^Tlis-S. ^ A J^ ^7^11-1- ^f-«>^ TFT7l^-<=-l *11S51£S. ^-Aj^rl-. ol ^7411-51 ^-a^ £ tf^^v^ 

ellxl^E( 17)0l l ^)l27ll-7-(18)l- ^^«}7ll *><H, BflAlHllcl^Hl-( 8 )2l- SHAl^E^^) ^T^HlAi ^ S| ^1 

S^3l- < a# 7>a1t11 °1 ^S-f , eflxl^ie^i m-t^x] ^-^i- s^-ai?!?! °i^ ( ellxl^Hl- 7}xl^ 7]^ 

£ 8a# #S«H * ^-^£1 ^3^a1<^^ 

°1 ^^l^lfe, sfl ^1 nil °l^ ^(8)£1 ^^o] £ 83^ ^-7115. *le)Elir ^-S-^r ^ 5llxl^E 7 i- ^aI 

^olA^oT-Aj.^ 2^5]7l AHofl bL^n^^Z])^]±B.a7)7} SflAlBflol^nl-^ ^ igzl-SlcS. o]-S^cS. 

o] rj7^1=-°l ^-AJ^ i^gJ-Tim^A^^E^ ^Aj-y]^ ^^.^-^ ^T-^-AJ ^ ^ ^. e ( 17 ) £| ^ 
Aj-AjoU ^AlBJlolA^Hi-al- ^)xl^E£| ^olxlTfl ^c^, il-e?-7ll^-^-Aj e1 i xl > : E( 17 ) 0l l ^AJE]^ 

*H27H^-(i8)7l- ^o]^^i ^££4»Jt 7>xi7H -U^^ll-ilMH^H ^£1 xils.^ enxi^E^) 

%H^]7l7l flsfl 7im^e|^s.Al ai^s)^ ^j o1 uya-aj^cK 

£ 8a» #i§>°1 1^3 ^lU^Al^s. A^Tg^-c)-. 

°1 ellx]^iE( 17 )s. -^sg-Dl-iH^ a.eflol^.pl-^ 3 -i. A>-g-f- o.S.^ tl-^Tfl^-^-Aj 

ellxli;E (17)7 i. £ 8aC>T | i6 j ^TlHlAi, 3flA]Hll6iAiHT-(8)£l i4#ofl ^Aj^t ^113711^-51 ^$m°.S. ^^1 

7} ^<H^l£^- ic#5qt ^^11-* ^ TFT7l^-c,l ^l^Sl^S. -T-A^t} CfAl 5 |xl^E( 17) 

^ ^127)1 -7 (18)51 ^°c!-^°.S. ^^|7> ^=>]X1£S. ^^-El^A^ i^l-Sl-Tll^-^eflxl^Eoll t|ol2l2 

7>xl7fl *T| 2 711 ^7- (18)1- ^^t!:^. °1 ^1*51 -T-^^r, ^Ali3ilolAjE). (8)c ,] 
^ellxl>;H(17)5l ^Il27ll^-(18)S1 Bfloi^xl cj.^ iS .ji).<a^- ^b\- ^^^5171 nfl^-oll, Bllolslxl cj^HS. 
7>xl£S. ^ 3 7ll^(19)# ^Aj s}7ll ^ 

£ 9a 9bl- tis}^ ^- ^l5^7.Hls. A^Tg^-ri.^ £ 9a ^^ £ 5aCl1 7 ^ ^ jg.^ 

£ 9a°fl 7->-g-5l$j7l Tt|l£-°fl, ^35-1- ^|*11a| ^^E^5)- ^-sB^EBJ^s. a S si^ ! . ) a. ^.tg^ ^ ]5 aj 
aHH i4eM t 1 ^^ Sl-i^l sH 1 ^^ TFT7l^-5] ^g^Solcl-. c 9b ^ c 9a ^ ^01 b-B'1- 4 

#1*11*! ol ^aHI^ xflxl ^ 4 AjAHl^-fi- ^^^71x1-^- x}-g-g>^ TFT7l^:°,l x?-§-%> 

0.5.^ ^.a^^ cflolcf. c»l ^AHloflA^ TFT7l^ ^UAJAI^HIA^ ^Aj^^Tg ^.^ A± ^.o] ^AlallolA^ 
n, *}1 ^ ^13711^1- ^ SLV]3.^%-£) 1§q *ofl ^^Aj-6] Sj-^xl^ 

Ol iBl^E^Aj-^ ^AJ^CS. ^-AJ^^ ZL^E-S., °] AjAl^oflAi Sfl^-^ ^11^^^)^- ^-g} 

71 #m A >-§-^ £ 6a vflxl 7c s.^o)i £ a1^ ^jq. ^.<g£ £^1-^- #is>oi A|^ € ^ oj^^ ^^7]. 
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£ 9a°11 w}2|- £o] ; ^f3^(22)£ ^ 3«7l*(l)4MI TlH H HflA}( 2 b):4 ^^4. 

£ 7c^l £ A 1^1 B>SiJ- £=>1, ^ll7fl^-(16)fe- ±±#^(7) #^2} Ai*laH*U5)«1| ^£4. 
^Hl7fl-^-(16)<^l £ 9a«fl «>45) 7fl^-7> ^*^^-(22)* 4 v *^-§-^^(42)-=>11 "?!^o> 

■cB-<Hl, *Hl1i3 A HHl A i21- 471121 a>-8-*H, hiS-Sj-Tfl^^ellxj^JE-l t.}a 3S a>^-*>^ aflAjsfl 

°1^4(8)°1 °fl^3<H ^^^(7)^-<Hl ^|371It 1 (19)* *8^*Hr 44, *fl A l«lH44(8)2l 4* 

A j-f^*44(42)all ^^l?l7l ^tb ^4711^(49)1- ^ A d44. 3- ^ , 2#°1 
2H^(15)^H ^slEi^^l 51sfl ^avslJl 3 q) E ^E ] ^ ) w^SM^^-(40)4 «7l 31^*^*^(42) 
■1: ^tl^CE 9a ^ 9b). 

o] ^Aim^ 4313 1 A>*^.^^^-(42)2l- ^44(22)44 £h£3]^-(40)4 ^^^^-(y)?]:^^ 4 

3ft ^4°1 7>^«flAi ( ^^t^ ^^iAl^cq ^^-2). ai^aj^. 44 A 1« 4 S14. °1^4 

°l^^^r, Ml-47ll44 A J31xl^B(17)2) *)l27fl^-(18)t- 4^32. 444°} aflA]BllolAiH}-(8)l: ^4^ 
^ A Hl 0 l^HV(8)°fl ^13 Si *ll47l)^-!-(19 ^ 49)* ^4^1 ^H, £Hl 3=^(15)51 *lll7ll4(16)2} 4*1 
^^HS.4^o11 21*11 Stf-i- 4*1 #£4, ^l^Tllell^HayH ^ A J4 ^112711^(18)21 44 = 5.4 

4*4 »>^1- 4<4 4 t^l 44 A 1 4^3 44*11 SSI ^71^-21 ^24^4, TFTl- 4^1 ^SH SflAlBflO] 

444 S A ^Kr 4 Til, ^4^4 3flA] 13l lolAi^Aj.o] xn^E^ g fe ^.^SJE^-i- ^*Rr 431 
i^/Hell "51^^-21- SB:44* ^*l?l7l ^sfl aflAluflolAiHV^ ^ (*l|3 ^ ^47^-)^. ^aj 

^7)11- S444. °1 ^4, ^444*(*ll37]14) 0 ) BfloljEl^l ^4=3.4114 7]-Xl^ ^A^5](>| ; ii/n 
5fl<ti4^-4 4^4^42] ^4*144 <y-^£)7ll ^Tfl 44. aS^tb Sfl °1 5*1 4 ^^£5.4^1: 7}^^ ^ 
4444* S A J*>7l ^SlH, S()A)Bllo]AiE|2l ^^^-f.^(^l37ll^)5lf j2.«is)=42} 7fl ( ^1 1 7 fl 4 ) 4 2] 

434 2.0)Mn°14< : >l 35.4 liTilsH, «4, ^*HH44 C> 11 ^^^r**(^l37fl-^>^r ^ 

$-<Q.-i: o}^^ iil-^Tfl^-^-Aj^xj^E ^-aj^. j 3|)Alallo]Af^ofl Eflolsj^l ^£S4^t 

7Hfe ^^-«:-f-*(^l37ll^)^r ^ A J§1-711 eH, a ^- ^#^*(^l37fl^-)-i: iM:^* i 

i/H5iltl^^34 ^^Al^, &^Sr %M1 &± *\Q<LS. 9}^s\7]} ^i&T}. 

^ ^2] ££ -a^oflE^. ^^eii- 7i-^i TFT7m=Ls.Ai^ TFT7i^-i- **$tt ^°i^m, ^ ^ 

21 ^7] TFT7l*21 ^-a^i tb^Sl^l ?^JL, ^^Bl7l- ^fe TFT7l^-ofl a^^-jg ^ ojrf. 

(•5-7; ^-f/ 

1 

^^^^71^^ Uj-Hf-E^xl^ElS). BflAj^- ^AJ^ 

^71 iJlB>21 ^lOJ^y.^ o JJfl . it A] ? lfe ^117H^1- ^1^%^ a o V 7 ] iXEl-AI-^ ^Aj^ 

¥b11; 

^71 *Hl7fl^ tfl-¥-^ll ^^1§>^ S.iB^-21 <a^-# in#A]?lt- ^27fl^-l- 7>^1 ^12^^-^ Aj 7 ] 

^^-^°11 ^ A ^>^ ^741; 

A J"7l ^12^^ PlA 2S A>-g-^>^ Aj- 7l afl^o^ oj^s ^.^Aj^cs. AJ- 7l ^.^n}-^ Aj- 7 ] oja.a ^ ^ 
^"71 ^)13711^21 7>^7}Bl7> A o V 7l ^l 7 fl^-2) lfl^O.S.-f-E| 3} <>| £ A> 7 ] >J2^-^21 ^^2} 

Tl^s. SiS^ -SM a.jLHV<Hl ^l37fl^-» ^^^fe ^-711; 

^71 ^12^^-BV* ^ 7 ^>^ AJ- 71 

A o V 7l ^11^-^-WAj-oH c^HV^ ^^*>o^ AJ- 7 j ^ 37 fl^-l- -g-sfl AV 7 ] BflAl^ ^Al^ ^.741; ^ 

^^t> 2 

S^-l, ^71 ^12^-%^21 1.5 vflxl 4.0/an2l TflH?l±7lt *\]3i^ 

^T 1 * 3 

^lll^Hl sa<H>H, A o v ^l ^11^-%^, 

A 0 i-7l Ui^Hl s^e}^ ^-Tfl; 

^71 ^1^^* ±% ^ « A 0 i-^ 

"a^ulloKoUinterim-baking)^-^ , A 0 >7l ^U^^^# 120 ^1^1 160t;21 3 ^1^1 lO^-^^ »\}°}*3 

A oM ^l^sM: ^^*>^ ^-TllSl i^B«llol^AS.A-l 220 230°C2] Aj- 7 | ^l^-^-Hi-^- )S\]o) 
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3t** 4 
3?* 5 

jflllMI SW*), ^71 ^A^fe ^oflAl A 0 V 7 1 *ll2##^, ^7] ^^=3 7m 21 

^t 1 * 6 

AV7] tt^7fl^^|. 20 vfl^l 1201C 51 ^JES. 3 10^-f- 1 ?]: 7><t*M ^7] ^|27B^ofl ^ol^ ^ 

7 

^Mltf*^* 2^tt * ^7] *g^£ ^I27fl^-<i ^-g-^Kr 2A}5]E.S. jg-cq 

**H^ Ic^l 3-2.3.*!, Aj-7] *H27fl^-°]l EflolBj^l ^^A]?]^ ^PflH^i:7]a& *|]2:« 0 T- 

^T 1 * 8 

«°H. ^1 ^12^BV^, 

iil-^m^-^ a o v 71 afli^Hj-Aj-ofl S^Hr 
^71 ic#s^m^# v# ^ «tf*Hr ^-741; ^ 

^7] ^12^^* ^^-&>^Ai TiSA]^, Aj- 7l ^2^^^ ^.n-dl- ^«J-A]7lJ= 2} *fl 

^T 1 * 9 

Si^i, a o v 71 aflAio, ^Hh^, 7flolEaHAi ; ^-f-«flAj | ^ 01 ^ =. ^ ^--f-^^-i; T^ul 

AJ-7] TflolJB^^g. AJ-7] 7llolH«fl^5l <a^l- tMJ*|-jL, Aj-7] AJ-7] TflollBBfl^Sl- 

^£ A J-7l ^•f-BflAlofl ^^S)j7, ^7] *H 3 7f|^ ^/Hell<?l^^ofl ^Aj5) J1> ^el^T. AJ-7) Aj-iafl 
^l^r, ^71 ^3711^1- -l-sll a o T- 71 ^^/H511 ^1^^-Sl- Sli^^^, ^7) ^fl-afl aJaJ-^ ^ Aj £ 4^ 

^13711^-1- -l-Sfl A Q >7l ^-fl-BHAi^ ^^Sl3. 4 V 7l 41-i^^-oll 3g*S«>^Ai Aj- 7l ^^^^0.^«-E^ 7l 

^T 1 * 10 

^ll*°ll 31°]*), ^^E^ Aj-7] ^-^^^71^0^ Aj7l Hl-Hl-E^xl^&lSl- A 0 > 7 ) HflA]^. g^. Jg.jt.Hl-.g. ^ 
A J§>fe ^-^41- Aj- 71 tijLHVAj-o)! ^11^1-^-HV^- ^A^^^.^ AVoloflA-1, AJ-7] BflAiAj-ofl o^^jsj AJ.7I jutsj. 
21 ^1^1- t#Al7li^ AJ-7] i^^Aj-ojl AI^^O,^ ^Ajjqfc ^^E^.A.71^- 7S)1^^-^. 

JE5? 
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